Pseudomonas sp. strain AP-3 grows on benzoate, phydroxybenzoate, protocatechuate, and 2-aminophenol as sole carbon and energy source. This strain converted benzoate and p-hydroxybenzoate to catechol and protocatechuate respectively, which were metabolized via the ortho-cleavage pathway. The enzymes responsible for these reactions were shown to be inducible. In contrast, strain AP-3 constitutively expresses the enzymes involved in the metabolism of 2-aminophenol.
Pseudomonas sp. strain AP-3 can utilize 2-aminophenol, benzoate, p-hydroxybenzoate, and protocatechuate as sole carbon and energy source. 1) Two or more metabolic pathways for these aromatic compounds are probably found in this strain. It metabolizes 2-aminophenol via the modified meta-cleavage pathway (Fig. 1a) .
2) The amn gene cluster for the metabolism of 2-aminophenol dose not contain regulatory genes, such as dmpR and xylR, the genes encoding 2-hydroxymuconic 6-semialdehyde hydrolase, or the genes encoding 4-oxoarocrotonate isomerase found in the dmp and xyl gene clusters. 2) Our aim is to reveal the regulatory mechanisms of the synthesis of these enzymes involved in 2-aminophenol metabolism, compared to those of the y To whom correspondence should be addressed. Tel: +81-78-803-5891; Fax: +81-78-882-0481; E-mail: kaoki@kobe-u.ac.jp Abbreviations: AmnBA, 2-aminophenol 1,6-dioxygenase; AmnC, 2-aminomuconic 6-semialdehyde dehydrogenase; AmnD, 2-aminomuconate deaminase; AmnE, 4-oxalocrotonate decarboxylase; AmnF, 2-oxopent-4-enoate hydratase; AmnG, 4-hydroxy-2-oxovalerate aldolase; AmnH, acetaldehyde dehydrogenase (acylating); C12D, catechol 1,2-dioxygenase; C23D, catechol 2,3-dioxygenase; P34D, protocatechuate 3,4-dioxygenase; P45D, protocatechuate 4,5-dioxygenase enzymes involved in catechol and protocatechuate metabolism in this strain.
Strain AP-3 was used throughout this study. Medium A was a modified basal medium 1) containing 0.08 g NH 4 NO 3 as sole nitrogen source and 0.4 g sugar, 0.4 g Lamino acid, 0.4 g organic acid (fumaric acid and sodium succinate), or 0.24 g aromatic compound (benzoate, phydroxybenzoate, or protocatechuate) as sole carbon and energy source instead of 2-aminophenol. Strain AP-3 was cultivated until the mid-or late-exponential growth phase was reached (OD 660 nm of 1.5-1.7), and then the cells were harvested by centrifugation. Cell extracts were prepared for enzyme assays as described previously.
1) The enzymes studied here were assayed according to published procedures. Table 1 shows the dioxygenase activities of the enzymes catalyzing the fission of the benzene ring in cell extracts of strain AP-3 grown on various aromatic compounds. AmnBA activity was detected in all cell extracts. In addition, the cell extracts of carbohydrategrown cells, organic acid-grown cells, and amino acidgrown cells contained the seven enzymes involved in 2-aminophenol metabolism (Table 2 ). C12D activity was significantly higher in extracts of benzoate-grown cells than in extracts of cells grown on the other substrates (Table 1) . P34D activity was detected in extracts of cells grown on p-hydroxybenzoate and protocatechuate.
2-4)
Resting cells of strain AP-3 were added to a reaction mixture containing 2-aminophenol, benzoate, p-hydroxybenzoate, or protocatechuate to induce metabolic enzymes involved in each metabolic pathway. Only AmnBA activity (0.012 units (mg protein) À1 ) was detected in cell extracts of succinate-grown cells before induction and this activity did not increase during incubation. The cell extracts showed no activity with catechol, cis,cis-muconate, or protocatechuate. After 5 h of incubation with benzoate, C12D and cis,cismuconate lactonizing enzyme activity were 0.015 units (mg protein) À1 and 0.016 units (mg protein) À1 respectively. P34D activity was 0.010 units (mg protein) À1 after 7 h of incubation with p-hydroxybenzoate and protocatechuate. Thus the analysis of dioxygenases and the induction of metabolic enzymes indicates that strain AP-3 synthesizes the enzymes of two ortho-cleavage pathways, in addition to the enzymes of a modified meta-cleavage pathway. Benzoic acid and p-hydroxybenzoic acid are converted to catechol and protocatechuic acid respectively, both of which are then degraded via the ortho-cleavage pathway (Fig. 1b and c) .
When 2-aminophenol, benzoate, p-hydroxybenzoate, and protocatechuate were present together in a culture, strain AP-3 grown on medium A containing succinate and NH 4 NO 3 completely metabolized all four substrates within 12 h (Fig. 2) . The concentration of 2-aminophenol started to decrease immediately and then the compound was slowly degraded until the late exponential phase was reached. In contrast, after a lag phase, the three other compounds were rapidly degraded in the order protocatechuate, p-hydroxybenzoate, and benzoate during the exponential phase.
In strain AP-3, benzoate and p-hydroxybenzoate are converted to catechol and protocatechuate respectively, both of which are then degraded via the ortho-cleavage pathway. The operons encoding the genes for catechol and protocatechuate degradation are generally regulated by transcription activators and their respective inducers.
5) The enzymes of the two ortho-cleavage pathways of strain AP-3 are also inducible. In contrast, all the enzymes needed for 2-aminophenol metabolism were shown to be constitutively synthesized. The TCA-cycle intermediates cause carbon catabolite repression and inhibit the formation of the gene transcript in pseudomonands. 6, 7) However, in strain AP-3, synthesis of the enzymes involved in 2-aminophenol metabolism was not affected by a variety of growth substrates and the degradation of 2-aminophenol was not affected by other aromatic compounds in a batch culture. Hence we conclude that strain AP-3 constitutively expresses the enzymes involved in 2-aminophenol metabolism. The protocatechuate-degrading strains Bradyrhizobium japonicum and Bradyrhizobium spp. from cowpea constitutively synthesize four enzymes that convert -carboxycis,cis-muconic acid to -ketoadipyl-CoA; P34D is the only inducible enzyme in this pathway. 8) The anilinedegrading Pseudomonas sp. strain SB3 constitutively synthesizes C23D and 2-hydroxymuconic 6-semialdehyde dehydrogenase which is involved in the metabolism of aniline. 9) AmnBA from Pseudomonas sp. strain AP-3 is similar to the enzyme from nitrobenzene-degrading Pseudomonas pseudoalcaligenes JS45 in terms of molecular mass, subunit structure, catalytic properties, and deduced amino acid sequences, 10, 11) but the synthesis of the enzyme from strain AP-3 differs from that of the enzyme from strain JS45. The nitrobenzene degradation pathway is inducible.
12) The constitutive 2-aminophenol metabolic pathway is perhaps inefficient in strain AP-3. However, 2-aminophenol is unstable in liquid culture 12, 13) and the metabolite, 2-aminomuconic 6-semialdehyde, is also unstable and is nonenzymatically converted to picolinic acid in vitro. Strain AP-3 cannot use the nonenzymatic product as a growth substrate. 1) Constitutive expression of the enzymes would allow 2-aminophenol to be degraded promptly and to be utilized completely as a sole carbon, nitrogen, and energy source in strain AP-3.
